X-ray beams from a ®ne-focus X-ray tube can be displaced by appreciable amounts without a serious intensity loss by passing these beams through a glass capillary or polycapillary, the tip of which is translated mechanically under ®ne control.
Recent years have seen the development of many devices that focus, or at least concentrate, the X-ray beam from an X-ray tube onto a sample. Such focusing optics are particularly effective when used with microfocus X-ray generators (Bloomer & Arndt, 1999) . The simplest X-ray optics devices are glass capillaries (Hofmann et al., 2001) . These may have a constant diameter over their entire length or they may be given a gentle taper at the input or output ends. Thin-walled capillaries can be used singly or as stacked or fused bundles of many such tubes (polycapillaries). Capillaries have one particular advantage over other types of X-ray optics in that they are suf®cientlȳ exible to be given a gentle curvature (Nakazawa, 1983; Rindby, 1986; Kumakhov & Komarov, 1990) . The upstream end of the capillary is aligned with and ®xed in relation to the focal spot of the X-ray tube; the downstream end of the capillary, which is typically between 100 and 150 mm in length, may be displaced by amounts of a millimetre or more without appreciable loss of transmissivity. The beam from the X-ray tube can thus be steered onto the sample. This de¯ection of the X-ray beam is mechanically much simpler than a translation of the relatively massive X-ray tube and diffractometer or camera with respect to one another. In order to move the capillary we have used bilateral top±bottom and right±left slits mounted on micrometer-controlled horizontal and vertical translation stages. The slits were closed in on the capillary near its tip and the translations were used to displace the capillary. We intend to motorize the translations so as to make possible automatic steering of the emerging X-ray beam or to produce a slow scan. We have successfully used this method of beam steering with single glass capillaries of 0.3 and 0.5 mm diameter. However, single capillaries produce an X-ray beam with an intensity pro®le that is far from uniform. When such a beam is diffracted by a single-crystal specimen, the resultant Bragg re¯ections have similarly non-uniform structures and this can lead to appreciable intensity measurement errors.
By contrast, polycapillary assemblies, which contain a large number of channels, produce a much more uniform beam. They can be used equally easily for beam steering. Recently the X-ray Optical Systems Corporation kindly supplied us with fused polycapillary bundles, 0.5 mm in diameter with 15 mm channels. Polycapillaries of length 150 mm had a transmission ef®ciency in excess of 30%. The tip of the bundle could be translated through AE1 mm without reducing the transmitted intensity by more than 5%. We have measured the insertion gain G as a function of the diameter of the sampling area. G is the ratio of the¯ux at the tip of the capillary to the¯ux into the same area at the same distance when the capillary is removed. For a straight capillary with an X-ray re¯ectivity of unity, the limiting insertion gain for capillary radii smaller than x 1 c is the ratio of the solid angles subtended at the source by the input and output ends of the capillary. This ratio is (x 1 /x 2 ) 2 = 100, when x 1 = 12 mm and x 2 = 120 mm are the distances from the source to the upstream and downstream ends of the capillary, respectively. c is the critical angle of total external re¯ection, which for a glass re¯ector and Cu K radiation is about 4 Â 10 À3 radians. The maximum diameter of the beam for which the gain has a value of 100 cannot be greater than 2 c x 2 = 96 mm. In fact, we found a rapid decrease of gain with increasing sampling diameter (Fig. 1 ), but this presented no disadvantage as we were interested in specimens of less than 100 mm in diameter. The parallel-sided polycapillary produced a beam with a divergence of 3.4 milliradians. A capillary with an appropriate output taper would give rise to a beam with a lower divergence. Larger polycapillary diameters and larger beam diameters or smaller values of x 1 would make it necessary to taper the input end of the polycapillary . Displacements of AE0.5 mm at the tip of a polycapillary of length 150 mm would be permissible for diameters as large as 2 mm (Schields, 2002) . Because of the fragility of the necessarily unsheathed polycapillaries, considerable care is required when using our method of X-ray beam de¯ection.
The measurements were made with a Bede Microsource X-ray tube with a foreshortened focal spot of 15 mm diameter. For the intensity measurements we used a digital X-ray television camera produced by Photonic Science Ltd.
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Figure 1
The insertion gain of a glass capillary, of length 120 mm, as a function of samplingarea diameter.
